The oocyte is unique in many ways and challenging to study. One challenging aspect is that the oocyte is surrounded by somatic cells that influence its growth, viability, and subsequent fate following fertilization. Coming to grips with the interactions between these other somatic cells and the oocyte is therefore of particular importance. One unique feature of the ovarian follicle is that despite its large size vasculature is specifically excluded by the follicular basement membrane. Many believe that metabolic bioenergetics operating within the ovary is key to follicle recruitment, selection, and oocyte competence, and explains the requirement for the formation of a fluid-filled follicular antrum [1]. But, due to technical constraints, the great majority of published work has been performed using isolated cells and oocytes manipulated and cultured in vitro. Just how accurately do the conclusions from such studies reflect what occurs within the ovary? For example, it has been repeatedly observed that cumulus-free oocytes collected from antral follicles undergo little glycolysis and appear to be totally dependent on oxidative phosphorylation, yet this seems paradoxical because the oocyte sits at the furthest point from the vasculature and hence an oxygen supply at the center of the ovarian follicle. Furthermore, cumulus and mural granulosa cells are highly glycolytic in their metabolic activity, which seemingly is regulated by oocyte secreted factors, especially BMP15 [2, 3] . Also, how do these cell types differ in their oxygen requirements across the avascular layers of antral follicles within the ovary [4]? Visualizing metabolic activity within a whole, intact ovary as a live tissue preparation would therefore be highly valuable.
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Using phasor fluorescence lifetime imaging microscopy (FLIM), a microscopy technique that quantifies the extinction rates of fluorescent molecules under two-photon excitation, in conjunction with phasor analysis [5] , Cinco and colleagues [6] , published in this issue, investigated autofluorescence extinction rates to segregate free and bound NADH levels of intact ovarian follicles within fresh mounted ovaries. Free and bound NADH levels closely correlate with the NADH/NAD þ ratio, a widely used redox measure, which infers the level of glycolysis/Krebs cycle (higher with increasing free NADH levels) or oxidative (higher when free NADH fluorescence is low) activity occurring within the tissue. NAD þ itself is not autofluorescent. Only such FLIM microscopy techniques that determine the rate of fluorescence extinction are useful in discriminating between free and bound NADH because both have near identical excitation and emission maxima. Furthermore, with the same technique, quantification of the cellularlevel NADH is also measurable.
The images created by Cinco and colleagues [6] using phasor FLIM are remarkable in their clarity in distinguishing regions and cells with glycolytic/Kreb cycle dominated metabolism from primarily oxidative metabolism. What is clearly observed is confirmation of the previous observations made from in vitro assessments: oocytes are highly oxidative from secondary through to large antral follicles with the surrounding granulosa and cumulus being highly glycolytic, the cumulus being more so than the granulosa. New information is also gained in that the primordial to primary transition is associated with a change from higher free NADH to lower NADH in the oocyte's germinal vesicle and this is correlated with SIRT1 nuclear localization. Although more work is required, this observation has implications for initiation of follicle activation. Also of interest is the reversal of the high glycolytic activity in granulosa and cumulus in response to the ovulatory signal, a time also associated with increasing levels of hypoxia-inducible factor 1 and 2 protein stabilization and hypoxia-response gene upregulation, including VegfA and Slc2A4 [7] , along with hemoglobin gene expression induction [4] . How these somewhat counterintuitive observations tie together and their role in oocyte maturation remains a mystery; however, having new microscopic systems, such as FLIM and superresolution, are revealing the complexity of these cellular interactions like never before. Like all good new research tools, some questions are resolved, to be replaced by new questions not previously thought of. For example, because Cinco et al. [6] have revealed that oocytes from secondary and early antral follicles are also dependent on oxidative phosphorylation, are they equally well equipped with anti-oxidant defenses as are fully grown oocytes? Do varying levels of metabolism in these stages correlate with atresia?
